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1 . 1 . THE CONCEPT OF COMMUNITY 
The term "community" must be one of the most used and 
abused terms i n Ecology. I t s exact s i g n i f i c a n c e i n the g e n e r a l 
matrix of e c o l o g i c a l theory s t i l l remains to be determined. 
Various attempts have been made to d e f i n e a community 
e.g. McPadyen (1963) l i s t s seven. These range between two 
extremes, one implying no o r g a n i s a t i o n but merely a coincidence 
of range i n time and space e.g. Clarke (i<Hfo) (from McFadyen), 
the other viewing the community as a "superorganism," with 
p r o p e r t i e s of o r g a n i s a t i o n over and above those of i t s compo-
nents. Mobius (1877) (from McPadyen) proposed the term 
"Biocoenose" f o r a "community whose t o t a l of s p e c i e s i s mutually 
l i n k e d and s e l e c t e d under the i n f l u e n c e of the average c o n d i -
t i o n s of l i f e . " Acceptance of t h i s l a t t e r view i m p l i e s that 
communities e x i s t as u n i t s and as such can be d e l i m i t e d , a l b e i t 
i m p r e c i s e l y . Acceptance of the former view need not 
n e c e s s a r i l y exclude the e x i s t e n c e of separate communities as 
u n i t s , i f s p e c i e s had s i m i l a r ranges of t o l e r a n c e to 
environmental d i f f e r e n c e s and these ranges of t o l e r a n c e tended 
to c o i n c i d e . ( G r e i g Smith, 1964). The g e n e r a l f i n d i n g t h a t 
a community (however i t has been defined and d e l i m i t e d ) tends 
to have a "normal" composition does seem to imply o r g a n i s a -
t i o n of some kind. Although populations of p l a n t s and animals 
do f l u c t u a t e , t h e i r numbers tend to o s c i l l a t e about a mean 
l e v e l which i t s e l f i s r e l a t e d to v a r i a b l e s i n the p h y s i c a l 
environment and to the means of other p o p u l a t i o n s . 
E s s e n t i a l l y , a community c o n s i s t s of both p l a n t s and 
animals, i . e . i t i s the l i v i n g component of the term 
"ecosystem." But, due to the h i s t o r i c a l s p e c i a l i s a t i o n , 
a . . 
which seems to be an imposed pa r t of most • b i o l o g i s t s 1 t r a i n i n g , 
"animal communities" and "plant communities" tend to be 
considered s e p a r a t e l y . I n many cases t h i s s e p a r a t i o n , apart 
from s i m p l i f y i n g the p r o c e s s i n g of data, i s p e r f e c t l y 
l e g i t i m a t e s i n c e many animal communities are connected with 
the decomposition of m a t e r i a l . A l s o , animals move, whereas 
p l a n t s do not, so a g i v e n animal can be a member of more than 
one p l a n t community. Prom now on, only the animal component 
of the pond ecosystem w i l l be d e a l t w i t h , and w i l l be r e f e r r e d 
to as an animal community. 
I n p r a c t i c e , animal communities, however defined, have 
proven extremely r e s i s t a n t to d e l i m i t a t i o n . Various attempts 
have been made i n terms of d i s c o n t i n u i t i e s i n the p h y s i c a l 
environment or on the b a s i s of d i s c o n t i n u i t i e s i n the vegeta-
t i o n . But, d i s c o n t i n u i t i e s do not always e x i s t i n an obvious 
u 
form, slow graduation being a l l too apparent. Even when some 
s o r t of d i s c o n t i n u i t y does seem to be p r e s e n t , there i s of t e n 
no evidence t h a t i t a p p l i e s as such to animals i n the v i c i n i t y . 
(One only has to t h i n k of the many d i f f e r e n t types of animals 
which pass a c r o s s the edge of a pond, a r a t h e r obvious 
d i s c o n t i n u i t y ) . A more " n a t u r a l " way ( i f any man-made 
d e l i m i t a t i o n can be considered " n a t u r a l " ) to d e l i m i t animal 
communities i s i n terms of the animals themselves. Pager's 
concept of r e c u r r e n t groups (Pager, 1957) i s an attempt a t 
j u s t t h i s . Much thought and work s t i l l remains to be done 
i n t h i s f i e l d . 
Without d e f i n i n g p r e c i s e boundaries between them, two 
a s s o c i a t i o n s of animals can be seen to d i f f e r i f they can be 
desc r i b e d i n a s i g n i f i c a n t l y d i f f e r e n t manner by the same 
s t a t i s t i c or c o e f f i c i e n t . C h a r a c t e r i s t i c s which can be used 
to e s t a b l i s h , such d i f f e r e n c e s are many and v a r i o u s . They 
i n c l u d e c o e f f i c i e n t s of s i m i l a r i t y based on s p e c i e s composi-
t i o n , i n d i c e s of d i v e r s i t y and measures of o r g a n i s a t i o n . I f 
the two a s s o c i a t i o n s are indeed s i g n i f i c a n t l y d i f f e r e n t , 
whether or not they are accorded the s t a t u s of separate 
communities i s e n t i r e l y a s u b j e c t i v e c h o i c e . 
1,2 DESCRIPTION OF STUDY AREAS 
The Br a s s i d e ponds l i e about three kilometres north-east 
of Durham C i t y (map reference NZ45/290452). They l i e i n a 
depression of approximately 0.8 h e c t a r e s , about three metres 
below the surrounding ground l e v e l * The area was an old 
b r i c k workings, abandoned i n the 1930s. I n the depression 
there are about eight r e l a t i v e l y permanent ponds and s e v e r a l 
l e s s permanent ones. Even i n summer most of the ground i n 
the depression i s extremely marshy. Pig.1 shows a map of 
the a r e a . 
The ponds which were sampled are l a b e l l e d A, B, C and D. 
Pond A has a su r f a c e area of approximately 133 square metres and 
an average depth of approximately 92 cm. Pond B has a su r f a c e 
area of approximately 292 square metres and an average depth of 
approximately 40 am. Pond C has a surface area of approximately 
434 square metres and an average depth of approximately 53 cm. 
Pond D has a surface area of approximately 233 square metres and 
an average depth of approximately 22 c*m. (This pond at the 
beginning of sampling was about 36 c*m, deeper, the outflow 
being unblocked, and the l e v e l of the water s i n k i n g , about h a l f 
way during sampling.) I n a l l four ponds the dominant vegetation 
was Potamageton natans with Juncus conglomeratus around the 
edges where they became shallow. 
Page Bank pond i s s i t u a t e d about eight miles south west of 
Durham, j u s t outside the v i l l a g e of Willsden. The pond, o r i g i n a l 
old g r a v e l workings i s s e v e r a l times l a r g e r than any of the 
Brassid© ponds and shoved evidence of being considerably 
d r i e d upj i n wet weather the pond must be even l a r g e r . The 
pond was choked with vegetation e s p e c i a l l y Ceratophyllum emersmn 
and Myriophyllum spicatum. 
Fig 1 Map of Brasside Pond Comple/. 
' P o n d s s a m p l e d w e r e A - D 
1.3. AIMS 
The c l o s e proximity and apparent s i m i l a r i t y of the 
B r a s s i d e ponds present an i n t e r e s t i n g opportunity to study 
the r e l a t i o n s h i p of these ponds to each w i t h i n the framework 
of the e c o l o g i c a l concept of community. 
I n i n t r o d u c t o r y textbooks of ecology e.g. Odum (1963) 
a pond i s presented as a r e l a t i v e l y c l e a r c u t example of a 
community. But, i n the case of the B r a s s i d e ponds, should 
each pond be considered a sep a r a t e community or does i t 
form a p a r t of a l a r g e r community, the pond complex. 
As measurements of degrees of s i m i l a r i t y can be a s s e s s e d 
only i n r e l a t i o n to d i s s i m i l a r i t y , another pond some d i s t a n c e 
away a t Page Bank was used as a r e f e r e n c e p o i n t f o r these 
s t u d i e s . 
The p r o j e c t was considered to have a twofold f u n c t i o n , 
f i r s t l y to t r y to solve the problem s t a t e d above, and, 
secondly, as an e x e r c i s e i n community methodology. 
1 .4. THEORETICAL BACKGROUND 
1.4.1. SPECIES ABUNDANCE RELATIONS 
Most e c o l o g i c a l communities c o n t a i n many s p e c i e s of 
organisms, which vary g r e a t l y i n t h e i r abundance. A widespread 
s i m i l a r i t y e x i s t s between communities i n the p a t t e r n s of 
abundance of d i f f e r e n t s p e c i e s : there i s a tendency for the 
num e r i c a l l y common s p e c i e s to be few i n number by comparison 
w i t h a l a r g e number of nu m e r i c a l l y s c a r c e s p e c i e s . 
To e x p l a i n t h i s g e n e r a l i t y two main hypotheses have been 
put forward. Both assume a random d i s t r i b u t i o n of i n d i v i d u a l s 
i n space. F i s h e r , Corbett and Williams (1943) f i t t e d the 
observed d i s t r i b u t i o n by a lo g a r i t h m i c s e r i e s whereas P r e s t o n 
(1948) used the l o g normal d i s t r i b u t i o n . Whereas the l o g a r i t h -
mic s e r i e s p o s t u l a t e s that s i n g l e t o n s p e c i e s ( i . e . those 
s p e c i e s c o n t a i n i n g only one i n d i v i d u a l ) w i l l be the most 
common, the lognormal d i s t r i b u t i o n p o s t u l a t e s that there w i l l 
be more f a i r l y common s p e c i e s than e i t h e r v e r y r a r e or v e r y 
abundant s p e c i e s ( s e e F i g . X )» F i e l d data can be found to 
f i t both these models. 
Log S e r i e s The species-abundance curve i s f i t t e d by a 
curve of the type 
S _ o c l i o ( I + SST) 
where S = number of s p e c i e s 
N = t o t a l number of i n d i v i d u a l s 
oc = a constant e x p r e s s i n g the d i v e r s i t y of s p e c i e s 
i n r e l a t i o n to the t o t a l number of i n d i v i d u a l s . 
9 
Lognormal d i s t r i b u t i o n . T h i s d i s t r i b u t i o n i s given by the 
formula 
S r = S c e - Car 
where S0 = number of s p e c i e s i n modal octave 
Sr = number of s p e c i e s r octaves from mode 
a = a constant c a l c u l a t e d from the data 
H a i r s t o n and Byers (1954) attempted the a n a l y s i s of 
e x t e n s i v e data on s o i l anthropods by both the l o g a r i t h m i c 
s e r i e s and the lognormal method and concluded that both models 
were u s e f u l d e s c r i p t i v e t o o l s i n c e r t a i n c a s e s . 
The l o g a r i t h m i c s e r i e s i s a s p e c i a l case of the negative 
binomial where k i s assumed to be equal to zero. The negative 
binomial i s a p p l i c a b l e to populations which are contagious 
( i . e * show clumped d i s p e r s i o n p a t t e r n s ) and i s d e s c r i b e d by 
two parameters, the mean and the exponent k, which i s a measure 
of the amount of clumping and i s o f t e n r e f e r r e d to as the 
d i s p e r s i o n parameter (Southwood, 1966). The value of k i s 
not a constant f o r a population but o f t e n i n c r e a s e s w i t h the 
mean. ( T h i s may e x p l a i n why H a i r s t o n and Byers found that 
the index of d i v e r s i t y given by the l o g a r i t h m i c s e r i e s a l s o 
v a r i e s with sample s i z e - see "Species D i v e r s i t y " l a t e r i n 
S e c t i o n f-4.4,). 
These three models: the l o g a r i t h m i c s e r i e s , the lognormal 
d i s t r i b u t i o n , and the negative binomial d i s t r i b u t i o n a r e des-
c r i p t i v e t o o l s . Whether or not a s e r i e s o f samples conforms 
s t a t i s t i c a l l y with a l l or any of them i s p u r e l y a matter of 
s u b j e c t i v e curve f i t t i n g . T h e i r u s e f u l n e s s l i e s i n the f a c t 
that i f a s e t of samples conforms to any of the models, t h a t 
o p e s n f ftramnles can be d e s c r i b e d by mathematical p a r a -
meters, p e c u l i a r to that d i s t r i b u t i o n . 
Odum (1960) suggest t h a t the reason f o r s p e c i e s abundance 
data tending to cQUfo^m to some s o r t of l o g a r i t h m i c d i s t r i -
b u t i o n i s because d i r e c t l y or i n d i r e c t l y each r a r e s p e c i e s 
r e q u i r e s or i s r e q u i r e d by a d e f i n i t e number of the more 
common s p e c i e s f o r t h e i r s u r v i v a l . As long as the r a r e r 
s p e c i e s are r e l a t e d to the commoner ones by constant percentage 
r a t i o s , the r e l a t i o n s h i p of s p e c i e s to i n d i v i d u a l s i s by 
d e f i n i t i o n l o g a r i t h m i c . But, i t would be s u r p r i s i n g i f a l l 
s p e c i e s abundance data, taken from d i f f e r e n t communities, 
conformed to s p e c i f i c d i s t r i b u t i o n s , s i n c e these d i s t r i b u -
tions a r e based on randomness, whereas communities exnHI>it 
some degree of o r g a n i s a t i o n * 
MacArthur (1957) P'lt forward three models f o r the s t r u c t u r e 
of a community, based on a comparison of the number of i n d i v i -
duals to the number of s p e c i e s . 
(1) Assumes the community t o c o n s i s t of a f i x e d number of non-
overlapping, i . e . contiguous niches (not E l t o n i a n n i c h e s ) . 
T h i s has been r e f e r r e d to as "the broken s t i c k model." 
Here, the t o t a l number of i n d i v i d u a l s of a l l s p e c i e s i s 
r e l a t i v e l y constant, so th a t the abundance of one w i l l 
a f f e c t the abundance of another. 
(2) Assumes niches overlap, i . e . the abundance of the v a r i o u s 
s p e c i e s i s t r u l y independent. 
( 3 ) Assumes independent abundance but based on separate, 
d i s c r e t e , non contagious n i c h e s . 
MacArthur provided mathematical formulations f o r each 
of the three models, the formulation for the f i r s t being 
r i / r s - i . * i ) 
II 
above 1V i s the t h e o r e t i c a l proportion of i n d i v i d u a l s 
i n the r t h most abundant s p e c i e s ( r = 1, 2 S ) 
When t e s t e d i n the f i e l d , only (1) was found to have any 
v a l i d i t y and then only i n a very few c a s e s , u s u a l l y f o r groups 
of animals of s i m i l a r s i z e and feeding preference. However, 
i n most c a s e s , the s p e c i e s abundance data does not conform to 
the MacArthur broken s t i c k model, as the r a r e s p e c i e s a r e too 
r a r e and the common ones too common. 
H a i r s t o n (1969) points out that conformity to the model 
i s a. f u n c t i o n of sample s i z e r a t h e r than of any e c o l o g i c a l 
p r o p e r t i e s of the system being sampled. A l s o , t h a t depending 
on sample s i z e , d e v i a t i o n s from the model can be i n both 
d i r e c t i o n s . 
I t i s now apparent that the MacArthur broken s t i c k model 
i s not g e n e r a l l y a p p l i c a b l e i n the f i e l d , and furthermore, 
i s based on untenable b i o l o g i c a l assumptions. But, beelRise 
i t i s a model based on random a l l o c a t i o n of i n d i v i d u a l s to 
^nches, i . e . on minimal o r g a n i s a t i o n , i t s t i l l provides a 
u s e f u l standard a g a i n s t which to measure community o r g a n i s a -
t i o n provided that i t s m u l t i p l e l i m i t a t i o n s a r e f u l l y r e a l i s e d . 
• 2 
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1 .U .2 . INDICES OP SIMILARITY IN-COMMUNITY COMPARISON AND 
DELIMITATION ' 
Without d e f i n i n g p r e c i s e boundaries between two or more 
communities of de c i d i n g whether the d i f f e r e n t areas are 
indeed d i f f e r e n t enough t o c o n s t i t u t e d i f f e r e n t communities^ 
i s t o base t h i s judgment on the degree of s i m i l a r i t y or 
d i s s i m i l a r i t y o f t h e i r faunas. 
Towards t h i s end, various i n d i c e s , c o l l e c t i v e l y r e f e r r e d 
t o as c o e f f i c i e n t s of community, have been proposed (see 
Southward, 1966, page 3 3 2 ) , A l l these i n d i c e s are based on 
the assumption t h a t the p r o p o r t i o n of the number o f species 
(S) t o the number of i n d i v i d u a l s (N), i s a c h a r a c t e r i s t i c 
parameter of the fauna o f a h a b i t a t . 
Often t h i s index i s based on presence or absence alone 
e.g. Sirensen's " q u o t i e n t of s i m i l a r i t y , " which i s expressed 
mathematically as:-
QS = 2 j/a + b 
where a and b are the numbers of species found i n 
h a b i t a t s A and B r e s p e c t i v e l y 
and j i s the number of species found i n both 
h a b i t a t s 
Another index based on presence or absence alone i s Mountford' 
"index of s i m i l a r i t y , " f o r which an approximate formula 
(Southward, 1966) i s : -
T - M . 
x - dab - (a + b)3 
( t h e symbols being the same as f o r the S/5rensen formula) 
But, as Greig Smith. (19&J.) s t a t e s , "The comparison of 
stands only i n terms of the species present, w i t h o u t any 
reference t o the abundance of species i n the several stands 
I3 
i s a crude and i n s e n s i t i v e mode of c h a r a c t e r i s a t i o n . " He 
i s speaking i n t h i s case about stands of v e g e t a t i o n , hut 
the same i s also q u i t e obviously true f o r samples of animals. 
Indices based on presence.~and absence alone tend t o s t r e s s 
the importance of the r a r e r species as opposed t o the more 
abundant or dominant ones by g i v i n g equal c o n s i d e r a t i o n t o a l l 
species. On the other hand, i n d i c e s which take i n t o account 
abundance tend t o emphasise the more dominant species. £s An 
example of an index based on r e l a t i v e abundance of species 
w i t h i n the samples i s the "percentage s i m i l a r i t y index" 
%S s t r a i n ( a , b,... x) 
where a, b... x are the occurrence of each species as a 
percentage of the t o t a l number of i n d i v i d u a l s i n each 
sample 
The r e l a t i o n s h i p between two or more h a b i t a t s i n terms 
of these i n d i c e s can then be presented i n a v a r i e t y of ways. 
An index such as S^ensen's can be used i n the c o n s t r u c t i o n 
of a f i e l d ' s diagram or a s s o c i a t i o n t a b l e (see Southward, 1966) 
(Greig Smith, 196k). The species are so arranged t h a t the 
highest values o f the s i m i l a r i t y index f a l l on the diagonal 
of a g r i d p a t t e r n . Groupings of species w i t h high i n d i c e s of 
s i m i l a r i t y can then be recognised ( f o r f u r t h e r d e t a i l s see 
Greig Smith, ^  1962+). This form o f p r e s e n t a t i o n has i t s 
greatest use i n the comparison of a l a r g e number of s i t e s 
bearing some s o r t of s p a t i a l r e l a t i o n s h i p w i t h each other, 
e.g. i n studies of v e g e t a t i o n ( W i l l i a m s and Lambert, 1962) . 
This form of p r e s e n t a t i o n has l i t t l e relevance when d e a l i n g 
w i t h many random samples taken from a few ponds (except f o r 
comparisons between ponds). 
Another way of presenting i n d i c e s o f s i m i l a r i t y i s as a 
dendrogram, showing g r a p h i c a l l y the r e l a t i v e s i m i l a r i t y 
between s i t e s . Such a dendrogram can "be constructed from 
the values o f the Mountford s i m i l a r i t y index. (For method 
see Southward, 1966 page 3U2) . 
Once any of these i n d i c e s have been c a l c u l a t e d f o r a 
number of p a i r s o f s i t e s , the d e c i s i o n as t o whether d i f f e r e n t 
s i t e s c o n t a i n d i f f e r e n t communities can be made on a s t a t i s t i -
c a l b a s i s . But, i n the f i n a l a n a l y s i s , the d e c i s i o n i s 
s u b j e c t i v e as the l e v e l of s i g n i f i c a n c e of any d i f f e r e n c e s 
must be chosen by the i n v e s t i g a t o r . 
(5 
1 . 4 . 3 . RECURRENT GROUPS 
An a l t e r n a t i v e way of l o o k i n g at animal assemblages, 
avoiding the problems of community d e f i n i t i o n and d e l i m i t a -
t i o n , i s the " r e c u r r e n t group" concept of Pager ( 1 9 5 7 ) . This 
i s based e n t i r e l y on f a u n i s t i c composition and seeks t o 
i d e n t i f y a group of species which form a very frequent p a r t 
of each others environment. Pager has defined a r e c u r r e n t 
group as one t h a t s a t i s f i e s the f o l l o w i n g c o n d i t i o n s which 
are t o be taken i n order. 
" ( 1 ) The evidence f o r a f f i n i t y i s s i g n i f i c a n t and the 
0 l e v e l f o r a l l p a i r s of species w i t h i n the 
group. 
( 2 ) The group includes the greatest p o s s i b l e number of 
species. 
( 3 ) I f several groups w i t h the same number of members 
are p o s s i b l e , those are s e l e c t e d which w i l l g ive 
the greatest number of groups w i t h o u t members i n 
c ommon. 
(k) I f two or more groups w i t h the same number of 
species and w i t h members i n common are p o s s i b l e , 
the one which occurs as a u n i t i n the g r e a t e s t 
number of examples i s chosen." 
This procedure s e l e c t s the l a r g e s t most f r e q u e n t l y separable 
u n i t s . Pager goes on t o s t a t e t h a t the concept of r e c u r r e n t 
groups makes i t po s s i b l e t o compare groups found i n d i f f e r e n t 
h a b i t a t s , or at d i f f e r e n t times or l o c a l i t i e s . Due t o 
di f f e r e n c e s i n sampling methods and l e v e l of p r o b a b i l i t y , the 
groups are a b s t r a c t i o n s . But, i f standardised, concordance 
shows them tobe n a t u r a l assemblages, a r t i f i c i a l l y d e l i m i t e d . 
lb 
but nonetheless r e a l . 
I n t h i s study of types of a s s o c i a t i o n e x h i b i t e d by fungus 
d w e l l i n g species of insect s and spiders, P i e l o u and P i e l o u 
(1968) s t a t e t h a t "Association may be of two kinds: non 
segregative i n which the species, although mutually indepen-
dent, are apparently crowded i n t o fewer brackets than am Arc 
present; and segregative, i n which r e c u r r e n t groups of species 
are formed owing t o d i f f e r e n c e s among the species i n t h e i r 
r e a c t i o n s t o the d i f f e r e n t brackets or t o one another." 
Non segregative a s s o c i a t i o n w i l l occur when e i t h e r a l l 
the sampling u n i t s are not the same but every species responds 
i n the same way to the d i f f e r e n c e s . Thus the species behave 
independently and w i l l not form r e c u r r e n t groups. Segrega-
t i v e a s s o c i a t i o n w i l l occur when the various species r e a c t 
d i f f e r e n t l y t o d i f f e r e n c e s among the sampling u n i t s or, 
a l t e r n a t i v e l y , when the species a f f e c t one another (by 
r e p e l l i n g each other or a t t r a c t i n g each other ) i n which case 
r e c u r r e n t groups w i l l be formed. 
i7 
1 J+.U. SPECIES DIVERSITY 
"Species d i v e r s i t y " i s a way of expressing, i n a s i n g l e 
s t a t i s t i c , the j o i n t e f f e c t of the number of d i f f e r e n t 
species present i n a community and t h e i r r e l a t i v e abundances, 
A c o l l e c t i o n i s said t o have a high d i v e r s i t y i f i t has many 
species and t h e i r abundances are f a i r l y s i m i l a r . Conversely, 
d i v e r s i t y i s low when species are few and t h e i r abundances 
d i f f e r w i d e l y . 
I n d i c e s of d i v e r s i t y can be derived from both the 
l o g a r i t h m i c and the lognormal d i s t r i b u t i o n s which are con-
venient mathematical approximations t o the species abundance 
r e l a t i o n s observed i n the w i l d . H a i r s t o n and Byers (1954) 
attempted the analysis of extensive data on s o i l Arthropods 
by aa^ng b o t h the l o g a r i t h m i c and lognormal methods. They 
concluded t h a t both- indices of d i v e r s i t y were r e l a t e d t o sample 
s i z e , a f e a t u r e which renders impossible the comparison of 
d i f f e r e n t communities. The reason suggested t o e x p l a i n the 
dependance on sample s i z e was the clumped d i s t r i b u t i o n of 
r a r e species, so t h a t w i t h repeated samples there i s more 
l i k e l i h o o d of encountering a new, rare species than adding 
specimens of species already found ( H a i r s t o n , 1959) . 
To be of wide a p p l i c a b i l i t y , an index of species d i v e r s i t y 
should be independent o f any u n d e r l y i n g mathematical species 
abundance d i s t r i b u t i o n . Margalef (1957) has devised such an 
index based on the Shannon-Weiner f u n c t i o n derived from 
i n f o r m a t i o n theory, and also from considerations of the 
l o g a r i t h m i c nature of many species abundance r e l a t i o n s h i p s . 
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I = — I n p i 
i = l 
wherepi i a the number of i n d i v i d u a l s i n sp 1 1 2 . . . . s / t o t a l 
number of i n d i v i d u a l s . 
(Before t h i s index can be a p p l i e d t o the comparison of 
d i f f e r e n t communities, a s i m i l a r sampling? procedure must 
have been used throughout). 
I n general, I w i l l increase w i t h an increase i n the number of 
species, but i t i s also i n f l u e n c e d by the evenness w i t h which 
the t o t a l number of i n d i v i d u a l s i n the sample are d i s t r i b u t e d 
among the species present. For a given number of species, I 
reaches i t s maximum only i f a l l the species are e q u a l l y 
abundant. I n p r a c t i c e t h i s never occurs. However, e q u a l i t y 
of abundance can be used as a c r i t e r i o n w i t h which t o compare 
the n a t u r a l s i t u a t i o n . Another u s e f u l c r i t e r i o n f o r compara-
t i v e purposes i s the Shannon-Weiner f u n c t i o n as a p p l i e d t o the 
MacArthur broken s t i c k model of species abundance, the formula 
f o r which i s given by:-
5 
I = _ £ / f f r loo TTV-
where 'fiV * '/$ ^ i Ifp _ i i") 
i» i 
T7r being; the t h e o r e t i c a l p r o p o r t i o n of i n d i v i d u a l s i n the 
r t h most abundant species ( r = 1 . 2,....s) each 
t h e o r e t i c a l p r o p o r t i o n i t s e l f being a r r i v e d a t by 
summing over r terms ( i = 1 , 2 . . . . r ) . 
Lloyd and Ghelardi (1964) 
»9 
I t i s found i n p r a c t i c e t h a t the index u s u a l l y f a l l s i n 
the range 0,0-h,h. Where the index l i e s between 0,0 and 2.0, 
the environment may be considered as adverse f o r the community, 
between 2,0 and 3 . $ , normal and between 3,0 and k.k benign. 
(D. Jones personal communication). This i s experimentally 
based, benign environments having a much g r e a t e r species 
d i v e r s i t y than harsh ones. As once obtained, t h i s index of 
d i v e r s i t y i s comparable even between diverse communities, i t 
has obvious p r a c t i c a l a p p l i c a t i o n i n the p r e d i c t i o n of 
r e l a t i v e s t a b i l i t y succession e t c . (Margale^, »<?57 ) . 
As Lloyd and Ghelardi (196k) p o i n t out, i t i s d e s i r a b l e 
t o separate the two components of d i v e r s i t y , i . e . the number 
of species and the evenness w i t h which the i n d i v i d u a l s are 
d i v i d e d between the species. (L l o y d and Ghelardi propose and 
use the term " e q u i t a b i l i t y " i n s tead of evenness, as a com-
p l e t e l y even d i s t r i b u t i o n i s not t o be expected.) They note 
t h a t whereas the number of species depends p r i m a r i l y on the 
s t r u c t u r a l d i v e r s i t y of the h a b i t a t e q u i t a b i l i t y i s more 
s e n s i t i v e to the s t a b i l i t y of p h y s i c a l c o n d i t i o n s . They go 
on t o provide a formula, based on the Shannon-Weiner f u n c t i o n 
f o r c a l c u l a t i n g e q u i t a b i l i t y . For use when the number of 
species i s l a r g e , they also provide a formula f o r computing 
the index o f d i v e r s i t y H(s) based on the Shannon-Reiner 
f u n c t i o n . 
r v Mrs) - c S l * 3 
where n are the numbers found i n the r t h species 
N r i s the t o t a l number of i n d i v i d u a l s 
S i s the t o t a l number of species 
C i s the conversion f a c t o r t o change the base of 
logarithms from 10 t o 2 i . e . G = 3.321928. 
2 0 
H(s) i s then compared, "by means of a t a b l e provided i n the 
paper, w i t h M(s ) which i s the equivalent number of 
" e q u i t a b l e d i s t r i b u t e d " species based on the MacArthur broken 
s t i c k method. The e q u i t a b i l i t y E i s then given by 
E = ° / Q 
Southward (1966) proposes an a l t e r n a t i v e measure of 
e q u i t a b i l i t j r which, u n l i k e E of L l o y d and Ghelardi, i s 
unrelated t o any p a r t i c u l a r model. This measure i s the slope 
of the graph of abundance, p l o t t e d on a l o g a r i t h m i c scale, 
against rank. 
2.1 
1 . 4 . 5 . COMMUNITY ORGANISATION 
The extent t o which " o r g a n i s a t i o n " e x i s t s w i t h i n and 
"between communities, remains a hone of c o n t e n t i o n among 
Ec o l o g i s t s , as does the problem of how t o measure i t . 
As the MacArthur "broken s t i c k " model (MacArthur, 1957) 
i m p l i e s minimal o r g a n i s a t i o n w i t h i n a community, one way of 
measuring the degree o f o r g a n i s a t i o n w i t h i n a community, i s 
by comparing the d i v i s i o n of i n d i v i d u a l s between species i n 
t h a t community w i t h the h y p o t h e t i c a l d i s t r i b u t i o n as p r e d i c t e d 
by the MacArthur model. H a i r s t o n (1959) proposed t h a t the 
comparison should be between the observed variance o f the 
number of i n d i v i d u a l s per species and the expected variance 
a l a MacArthur, Working on feh® a - p r i o r i assumption of 
o r g a n i s a t i o n w i t h i n a community, H a i r s t o n proposed t h a t the 
l a r g e r the r a t i o of observed to expected variance, the gr e a t e r 
was the o r g a n i s a t i o n w i t h i n t h a t community. I n c o n t r a s t , 
MacArthur o r i g i n a l l y suggested t h a t departure from the model 
represented the i n c l u s i o n of heterogenous data. H a i r s t o n 
then demonstrated the v a l i d i t y o f h i s approach by comparing 
the e f f e c t on the variance r a t i o o f ( I ) the i n c l u s i o n of 
samples from other h a b i t a t s w i t h ( I I ) the e f f e c t o f f u r t h e r 
samples from the same area. The l a t t e r caused the r a t i o t o 
increase l i n e a r l y , but samples from other h a b i t a t s , which 
increased the heterogeneity of the sample, reduced the r a t i o 
i . e . reduced the variance towards t h a t expected on the MacArthur 
model. The p r a c t i c a l a p p l i c a t i o n of t h i s approach t o community 
o r g a n i s a t i o n , r e q u i r e s t h a t w i t h i n the same community (and 
between communities) s i m i l a r sampling methods are used and 
s i m i l a r taxonomic groups considered. 
IX 
That some s o r t of o r g a n i s a t i o n now e x i s t s w i t h i n a 
community i s now g e n e r a l l y recognised. This i s based p a r t l y 
on the r e l a t i v e s t a b i l i t y of numbers of i n d i v i d u a l s per 
species taken over a r e l a t i v e l y long ( b ut not h i s t o r i c a l l y 
l ong) period of time. Organisation can also be i m p l i e d from 
the p r e d i c t i v e nature of many of the " c o e f f i c i e n t s of 
community," e.g. species d i v e r s i t y i n d i c e s . This organisa-
t i o n i s considered t o r e s u l t from the p a t t e r n of the t r o p h i c 
web w i t h i n the community, i n c l u d i n g v e r t i c a l predator - prey 
r e l a t i o n s h i p s and h o r i z o n t a l r e l a t i o n s h i p s l e a d i n g t o feeding 
s p e c i a l i s a t i o n s . I t i s also thought t o r e s u l t from the 
s p a t i a l d i s t r i b u t i o n of animals w i t h i n a community, based 
u l t i m a t e l y on p a t t e r n s i n the v e g e t a t i o n and p h y s i c a l 
environment but obscured by the animals' m o b i l i t y and 
behavioural p a t t e r n s . 
The f a c t and degree of o r g a n i s a t i o n e x i s t i n g w i t h i n a 
community may i n i t s e l f have p r e d i c t i v e power. E l t o n (1966) 
i m p l i e s o r g a n i s a t i o n i s i m p l i c a t e d i n i n c r e a s i n g s t a b i l i t y . 
However,, MacArthur (1955) i n p o s t u l a t i n g complexity as 
responsible f o r s t a b i l i t y , seems t o ignore the f a c t t h a t , 




2,1 SAMPLING PRCECEDURE 
As po i n t e d out "by McEwan( ) t there are three "broad 
categories of sampling methods a v a i l a b l e f o r use i n ponds 
(a) quadrat methods 
( b ) a v a r i e t y of grabs and samplers 
( c ) net methods 
The water was considered too deep, many of the animals too 
mobile and the v e g e t a t i o n too t h i c k f o r quadrat sampling t o 
be used i n t h i s e x e r c i s e . Grabs and samplers undoubtedly g i v e 
the most accurate r e s u l t s ( i f a ppropriate instruments are 
used) but they are too d e s t r u c t i v e of the h a b i t a t t o be used 
i n a small area. Hence, f o r t h i s study net sampling was con-
sidered t o be most a p p r o p r i a t e . Net methods can be used f o r 
compjji&sons between pond faunas provided t h a t the general 
c o n d i t i o n s i n the pond are s i m i l a r e s p e c i a l l y w i t h regard t o 
the amount and type of v e g e t a t i o n present which c o n s t i t u t e s 
an impedance t o the net. Comparable samples should be 
obtainable from repeated sweeps i f the net i s drawn through 
the water at a s i m i l a r v e l o c i t y f o r e i t h e r s i m i l a r distances 
or s i m i l a r time p e r i o d s . I n view of the d i f f i c u l t y of marking 
and a precise area i n the water, i t was decided t o move the 
net forwards f o r f i v e seconds j u s t under the surface of the 
water and then back through the same area f o r f i v e seconds 
but at a lower l e v e l , j u s t above the surface o f the mud a t the 
bottom. This procedure was repeated f o r each sample w i t h a 
towing speed as constant as p o s s i b l e . 
The Brasside ponds were sampled i n r o t a t i o n , tiSifially two 
samples being taken each day. The p o s i t i o n of each sample 
was determined as f o l l o w s . The surface of each pond was 
2 5 
a r b i t a r i l y d i v i d e d i n t o t e n approximately equal areas. The 
p o s i t i o n of the f i r s t sample was then chosen randomly, and 
a second sample was taken i n t h a t area f u r t h e s t removed from 
the f i r s t , t o minimise the e f f e c t s of disturbance. 
The d e c i s i o n to sample at Page Bank, f o r comparative 
purposes, was taken only i n J u l y . Therefore, as time was 
s h o r t , only ten samples were obtained. The p o s i t i o n s of 
these samples were once again chosen randomly. 
Once a sample had been taken, the animals i n the net were 
r a i s e d i n t o l a r g e glass j a r s , together w i t h any p l a n t f r a g -
ments. The m a t e r i a l was then brought back t o the l a b o r a t o r y 
f o r s o r t i n g , i d e n t i f i c a t i o n and c o u n t i n g . 
Although i t was expected t h a t t h i s procedure would g i v e 
r e s u l t s which could be compared v a l i d l y , i t was not expected 
t h a t the samples would give a complete p i c t u r e o f the 
f a u n i s t i c composition of the ponds. For example, animals 
which were small enough or f a s t enough could escape capture, 
as also could those which burrow i n t o the bottom mud or c l i n g 
t i g h t l y t o f i x e d v e g e t a t i o n . Furthermore, animals i n the 
si z e range of Daphnia, Cyclops e t c . were not counted even i f 
found i n the sample as there was good reason t o b e l i e v e t h a t 
they had not been sampled q u a n t i t a t i v e l y . 
2.6 
2.2 PHYSICAL FACTOR DETERMINATION 
The p.H of eaoh pond was measured i n the f i e l d "by means 
of a D i r e c t Reading p.H meter. Water samples were c o l l e c t e d 
from ponds A-D i n glass j a r s and brought back t o the 
l a b o r a t o r y where the concentrations of Calcium and Magnesium 
were determined. Calcium concentrations were determined by 
t i t r a t i o n against E.D.T.A. using Erichrome blue b l a c k as 
the i n d i c a t o r . Magnesium was determined on the Eel Atomic 
Absorbor Spectrophotometer using a magnesium oxide standard 




3.1 FAOTAL LISTS FOR THE TWO SITES 
Table 1 
LIST OP PATMA - BRASSIDE PONDS 
Phylum Arthropoda 
C l a s s Arachnlda 
Order Acarina 
G l a s s C r u s t a c e a 
Order Amphipoda 
Order XBop oda 
C l a s s I n s e c t a 
Order Coleoptera 





Order T r i c h o p t e r a 
Phylum Mollusca 
C l a s s Gastropoda 
Hydrachnellae 
Gammarus 
A s e l l u s 
D y t i s c i d a e 
G y rinidae 







C o r i x i d a e 
G e r r i s 
















Limnaea s t a g n a t i s 
C l a s s L a m e l l l b r a n c h i a t a Sphaeridae 
Pbr tine s>^ ilce umjormit^ } ge*ie*-«illj i Generic names ctre <-tseol. 
(lb tows hot po&'oiMe k> icl&nl-i^ all nacJiyiduals clown fo V^e. Cjp>eoies l<U>U) 
U n l e s s -blcil-ed otUevxcise j ecci, O^n^ei cx>*\<x\Y>'b o n L one. Specie.*,. 
Table 2 
LIST OP FAUNA - PAGE BANK 
Phylum Arthropoda 
G l a s s Arachnlda 
Order A c a r i n a 
C l a s 3 I n s e e t a 
Order Coleoptera 




Order T r i e h o p t e r a 
Phylum Mollusoa 
G l a s s Gastropocla 
Hydrachnellae 
D y t i s c i d a e 




C o r i x i d a e 
G e r r i s 
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3.2 TREATMENT OF RESULTS 
3.2.1 SPECIES ABUNDANCE RELATIONS 
The s p e c i e s abundance data f o r each pond was p l o t t e d as 
a simple histogram of number of i n d i v i d u a l s per s p e c i e s 
a g a i n s t number of s p e c i e s c o n t a i n i n g t h i s number of 
i n d i v i d u a l s e.g. F i g s . g - 5 . To s i m p l i f y the p r e s e n t a t i o n , 
the numbers of i n d i v i d u a l s per s p e c i e s were grouped i n t o 
c l a s s i n t e r v a l s of f i v e . (Note a l s o t h a t the higher ranges 
of the h o r i z o n t a l axes are d i s c o n t i n u o u s ) . A s i m i l a r graph 
Has drawn f o r the combined data of ponds A-D, F i g . 6 . 
I n order to show the r e l a t i o n s h i p of the data to the 
MacArthur "broken s t i c k " model, the s p e c i e s were ranked 
according to the number of i n d i v i d u a l s of each and a graph 
drawn of the number of i n d i v i d u a l s ( a s a proportion of the 
t o t a l ) a g a i n s t the log of the s p e c i e s rank ( s e e Table 1 and 
F i g . 7 ) . The d i s t r i b u t i o n as required by the MacArthur "broken 
s t i c k " model was then added to Fig.7 f o r comparative purposes. 
3b 
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3 . 2 . 2 . INDICES OF SIMILARITY IN COMMUNITY COMPARISON AND 
DELIMITATION 
Three i n d i c e s of s i m i l a r i t y were used i n an attempt to 
determine the r e l a t i v e s i m i l a r i t y of the ponds i n terms of 
t h e i r s p e c i e s composition. S / 5 r e n s e n T s and Mountford's 
i n d i c e s a r e based on presence or absence alone, thus p l a c i n g 
r e l a t i v e l y g r e a t e r emphasis on r a r e s p e c i e s . The t h i r d , an 
index of percentage s i m i l a r i t y , takes i n t o account a l s o the 
numbers of each s p e c i e s , and thus tending to emphasise the 
more dominant s p e c i e s . Formulae f o r the c a l c u l a t i o n of these 
i n d i c e s are to be found i n the i n t r o d u c t i o n ( 1 . 1 + . 2 ) . Each 
index was determined f o r every combination of the f i v e ponds 
(compared two at a t i m e ) . The r e s u l t s are given i n Table 8 . 
The r e l a t i o n s h i p between the v a r i o u s ponds, based on 
i n d i c e s of s i m i l a r i t y , can be represented diagramraatically 
i n v a r i o u s ways. To i l l u s t r a t e the range of p r e s e n t a t i o n s 
which are p o s s i b l e , the three i n d i c e s have been represented 
i n d i f f e r e n t ways. Thus the values f o r S / 5 r e n s e n ' s index are 
presented i n a t r e l l i s diagram ( F i g . 8 ) , the percentage 
s i m i l a r i t y index g r a p h i c a l l y ( F i g . 9 ) and Mountford's index 
of s i m i l a r i t y by means of a dendrogram ( F i g . 1 0 ) . (The 
method for c o n s t r u c t i n g a dendrogram i s given i n the appendix). 
A l l t h ree methods show quite c l e a r l y the r e l a t i v e l y c l o s e 
r e l a t i o n s h i p of ponds A-D compared w i t h the d i s t a n t r e l a t i o n -
s h i p of pond P w i t h any of A-D. 










A + B 0.91 0.A6 69 . 5 
A + C 0.82 0.21 69 • 3 
A + D (X90 0.37 6 8 . 2 
B + C 0.87 0 .29 61-4 
B + D 0.90 0 .37 70 • 5 
C + D 0.82 0.23 64 -0 
P + A 0.55 0.06 25.1 
P 4 B 0-55 0.06 27.0 
P + C 0.50 0.05 25.A 
P 4- D 0.55 0.06 27.1 
"fable q Indices of Similarity Ranked. 
CL CL CL o + + + 
U o < 
CL CL 
en + + < < CJ 
CL CL CL 
oo + -r -+ CD CD CD 
Q_ Q_ CL 
\>- + + + O Q Q 
o ( J 
+ t -t 
< < QD 
JSC C O 
rr ID + + 4 O 
o O Q 
-4' + + + 
QQ CD < 
D Q O 
OO f 4-CQ CD < 
Q O CD 
CNt + + t < < < 
CD CD D 
r — + + 
< < CD 
tf>" o» . c "E cn >^  m i) o ' u . — c U) H— - t — ' £ ^  1—1 c c o — D E O 2 CL CO 
M-3 
Sorensens ]nde* of Similarity in Trell is-Diatom Form 
Fiq . 8-
C D B A 
A 
0. 91 B A 
0.90 0 .90 D 
0.82 0.87 0.82 C 
0.50 0.55 0.55 0.55 
Crosshatchinq = Similarity greater than f j -80 



















<UB A+C /9+0 B+C 5*0 c*0 
SLx3L Combinations of Ponds. 
©1-C ft 6 
k5 
Fig . te Dendrogram Based on Mountfords Index 
Similarity Between The Five Ponds. 
A B D C 
0 - 4 6 
0-37 
0.24 
0 0 6 
3.2.3 BBCURBBHT GROUPS 
I n t h e i r paper of 19&7, P i e l o u and P i e l o u propose a t e s t 
as t o wbMlher species are associated i n a segregative manner 
( w i t h the formation of r e c u r r e n t groups) or i n a non-
segregative manner. The t e s t f o r segregative a s s o c i a t i o n i s 
based on the n u l l hypothesis t h a t a l l species have been 
assigned independently and a t random t o the sampling u n i t s . 
The number of combinations of species o c c u r r i n g i n the 
d i f f e r e n t samples are counted, and these numbers are compared 
w i t h the number o f combinations expected i f the species were 
assigned t o each sample at random. D e f i n i t i o n of a combination 
For each sample, arrange names of a l l species i n one order, 
at each address i n t h a t l i s t w r i t e 1 or 0 f o r whether the 
species i s present or absent i n t h a t sample. Reading i n one 
d i r e c t i o n , the l i s t of 1s and Os can be considered as a number. 
Do t h i s f o r each sample. Then, one combination of species i s 
the same as another i f the corresponding numbers are e x a c t l y 
equal. I f not, i t i s a d i f f e r e n t combination. This i s 
p r e c i s e l y how the numbers of combinations are counted i n both 
the programme f o r counting the number of observed combinations, 
and also i n the Monte Carlo programme f o r generating expected 
combinations. I f r e c u r r e n t groups are present, the observed 
number of combinations w i l l f a l l s h o r t of exp e c t a t i o n . 
To determine the expected number of combinations by d i r e c t 
mathematical argument i s not f e a s i b l e . I t i s t h e r e f o r e 
necessary t o o b t a i n an estimate o f the expected number of 
combinations by Monte Carlo methods. A computer programme 
was t h e r e f o r e devised t o do t h i s . For each pond, the expected 
r e s u l t s are each based on ten sets of one hundred runs, each 
kl 
set having a d i f f e r e n t base f o r generating the pseudo-random 
numbers. The computer programme w i l l be found i n the 
appendix. The r e s u l t s are given i n Table 11. 
"When the species data f o r each pond were analysed by 
the procedure proposed by Pager (1957) f o r h i s "Determination 
and Analysis o f Recurrent Groups," c e r t a i n groupings o f 
species r e s u l t e d , and these are set out i n Table 10. 
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DIVERSITY 
A compute? programme vas devised to determine the 
value of H(s) i n the Shannon-Weiner fu n c t i o n f o r each pond. 
H(s) i s a v a l i d e m p i r i c a l measure of s p e c i e s d i v e r s i t y . 
The " e q u i t a b i l i t y " of Lloyd and Ghelardi (1964) fo r 
the s p e c i e s abundance d i s t r i b u t i o n i n each pond i s determined 
by comparing the observed value for H(s) with the M(s'), the 
equivalent number of "equitably d i s t r i b u t e d " s p e c i e s , based on 
the Mac Arthur "brocken s t i c k " model. This comparison i s made 
by using a t a b l e provided i n the paper by Lloyd and Ghelardi 
(1964). The e q u l t a b i l i t y E i s then given by 
E SSB 
8 
Table it I n d ices of Spgctes Diversity-
P o n d 
Observed 
fcjui tabil ' lry 
€ 
A 4.52 2.97 0 . 4 7 
B 4 - 5 2 3v12 
C 4^52 2.99 0<47 
D 4.75 3.03 0 .44 
P 4 . 0 9 2 . 3 8 0.41 
3.2.5 COMMUNITY ORGANISATION 
I n 1959, H a i r s t o n proposed a method f o r measuring 
community o r g a n i s a t i o n by comparison with the MacArthur 
"broken s t i c k " model which p o s t u l a t e s random " o r g a n i s a t i o n . " 
H a i r s t o n ' s method i s based on the r a t i o of the observed 
v a r i a n c e of samples ( i n terms of numbers of i n d i v i d u a l s per 
s p e c i e s ) to the v a r i a n c e expected on the b a s i s of the 
MacArthur model. He a l s o s t a t e s t hat i f the observed 
v a r i a n c e i s d i v i d e d by the square of the mean number of 
i n d i v i d u a l s per s p e c i e s i n the sample, v i r t u a l l y the same 
r a t i o r e s u l t s . (The second method of c a l c u l a t i o n i s e a s i e r 
than the f i r s t ) . 
V a r i a n c e s were c a l c u l a t e d f o r each of the twenty samples 
from each pond by means of a computer programme ( s e e appendix). 
The v a r i a n c e s of the pooled data were c a l c u l a t e d by hand. 
Si n c e the sampling was a t random, the d e c i s i o n as to which 
samples to use was made a r b i t a r i l y ; where f i v e samples were 
required, samples U, 8, 12, 16, 20 were used, when ten were 
req u i r e d , 2, 6, 10, M\.f 18 were a l s o used. The d e c i s i o n to 
take pond A as the standard was made by a random method as 
was the d e c i s i o n a l s o to use pond C. 
2 
Pig.11 shows the change i n the variance/mean r a t i o w ith 
i n c r e a s e i n number of samples pooled. Pig.12 shows a compari-
son of the r a t i o between ponds A, C and P and the r a t i o s 
obtained from pooling data from ponds A and C and A and P. 
Pig.13 i s a copy of the f i g u r e that appears i n Hairston'a 
paper (1959) fo r comparative purposes. 
E>3 
Table 12, Observed V&riance / Square 0\ Mean ^  for sinq/e 
Samples • 
m 









C 12 1 -8 2-6 
16 21 
20 2^5 
4 2.4 1 
8 2.9 \ 




"Table 'tj- ^Observed Variance Sgudre o[ Mean f o r Combined 
Samples. 
Pond fs) No. of Samples 
combined • 
Obs -Variance 
Mean * ' 
A, 5 3. 3 
A 2 5 3-3 
B 5 2 3 
C 5 3.7 
D 5 4.8 
P 5 5-1 
A.-+ A j 10 3-4 
A * C 10 3-4 
A + p 10 3-2 


















No of samples pooled 
Table of Physical Factors 
P.M. 
P o n d . R e a d i n g s - Average 
A 6 9 io 6 ? 10 6-9 
6 7- 0 7 0 7- 1 7 1 7 2 7 1 7 1 
c 7- 5 7 5 7 3 7 b 7 ^ 7-4- 7-5 
D 6 • 8 10 io 6 9 no 6 9 6 9 
[ C a 4 4 ] p-p-m 
Poncl R e s u l t s A v e n g e 
A 7 3 - 7 7 3 - 9 
6 i i S 4- 1 1 7- O 1 Uf - o US-5 
c 6 l f 2. 8 5 0 
D 
— 
fe7 3 4>8-l 6 7 - 3 67- 6 
'Pond R e s u l t 
A 21^0 
& 
C t f 9 - o 






SPECIES ABUNDANCE RELATIONS 
Prom F i g s . 2-6, where the number of species c o n t a i n i n g a 
given number of i n d i v i d u a l s per sample are p l o t t e d against the 
number of i n d i v i d u a l s found i n t h a t pond, i t can toe seen t h a t 
the r a r e species are r e l a t i v e l y numerous compared w i t h the 
more dominant ones. This concurs w i t h the r e s u l t s which are 
ge n e r a l l y obtained when species abundance data i s p l o t t e d i n 
a s i m i l a r n a ture. 
Whether or not the species abundance data corresponds 
w i t h one or more o f the more s p e c i f i c d i s t r i b u t i o n s i . e . 
l o g a r i t h m i c s e r i e s , lognormal d i s t r i b u t i o n or the negative 
Monomial . . d i s t r i b u t i o n , could only be determined by curve 
f i t t i n g . Due t o the biased nature of the data (see 2.1 
Sampling Procedure) t h i s was not attempted. But, i t was 
found t h a t w i t h a few exceptions, these species w i t h very 
low abundances, the species present showed a contagious, i . e . 
clumped d i s t r i b u t i o n . (A species can be sa i d t o be clumped 
between samples when the variance of the number of i n d i v i d u a l s 
of t h a t species per sample i s considerably g r e a t e r than the 
mean. To f i n d the variance t o mean r a t i o , a computer 
programme was used (see appendix). Thus, any s t a t i s t i c 
a p propriate t o the negative bionomial d i s t r i b u t i o n could be 
used l e g i t i m a t e l y ) . 
When the data f o r a l l f o u r ponds A-D i s compared w i t h 
the h y p o t h e t i c a l d i s t r i b u t i o n based on the MacArthur "broken 
s t i c k " model, once again the r a r e species are too r a r e , the 
common ones too common ( P i g . 7 ) . Whereas the MacArthur 
d i s t r i b u t i o n gives a s t r a i g h t p l o t , the observed d i s t r i b u t i o n 
5<? 
gives a ciarved p l o t . This form of non concurrence w i t h the 
MacArthur model i s what i s g e n e r a l l y found from f i e l d data. 
As H a i r s t o n (1969) p o i n t s out: "Conformity t o the MacArthur 
model i s a f u n c t i o n o f sample size r a t h e r than any e c o l o g i c a l 
p r o p e r t i e s of the community being sampled, A good f i t t o the 
broken s t i c k model can he obtained by choosing the c o r r e c t 
sample s i z e which w i l l vary w i t h the m a t e r i a l . The gr e a t e r 
the variance i n species abundance, the smaller the c o l l e c t i o n 
t h a t should provide a f i t . " The model i s though a u s e f u l 
y a r d s t i c k w i t h which to compare n a t u r a l d i s t r i b u t i o n s . 
(cP 
k.2 IHDICE3 OF SIMILARITY IN COMMUNITY COMPARISON AND 
DELIMITATION 
Prom Table 8 i t can be seen t h a t , when each pond i s 
compared w i t h each other pond i n twos, by means o f S^rensen's 
and Mountford's i n d i c e s o f s i m i l a r i t y and an index of 
percentage s i m i l a r i t y , there i s a r e l a t i v e l y h i g h s i m i l a r i t y 
between each p a i r of ponda A-D, and also a r e l a t i v e l y h i g h 
s i m i l a r i t y between pond P and any of ponds A-D. Between the 
former and the l a t t e r groups of r e s u l t s though, there i s a 
d i f f e r e n c e , which, i n the case of S/Srensen's and Mountford's 
indices,, can be t e s t e d s t a t i s t i c a l l y using a m o d i f i c a t i o n of 
the t t e s t f o r comparing the means of two samples. (This 
t e s t cannot be ap p l i e d t o percentage d a t a ) . When t h i s t e s t 
i s a p p l i e d , the d i f f e r e n c e between the two groups ( i . e . 
ponds A-D and pond P w i t h ponds A-D) i s s i g n i f i c a n t a t the 
0.001 l e v e l w i t h 8 degrees of freedom, ( t i n the case of 
the S/orensen index i s 17.99 and i n the case of Mountford's 
index i s 6,7k). Thus, by inf e r e n c e , ponds A-D are h i g h l y 
s i m i l a r t o each other but very d i s s i m i l a r from pond P. 
I f the values f o r the i n d i c e s are ranked (as i n Table 9 ) 
S/6renseri's and Mountford's i n d i c e s give i d e n t i c a l r e s u l t s . 
The percentage s i m i l a r i t y index gives a s l i g h t l y d i f f e r e n t 
ranking order, due t o the lower emphasis on ra r e species. 
Thus, i t would seem t h a t although there i s a high s i m i l a r i t y 
between ponds A-D i n terms of the species present, those 
species vary i n t h e i r r e l a t i v e abundance between the ponds. 
The diagrams Fi g s . 8, 9 and 10 i l l u s t r a t e i n three 
d i f f e r e n t ways the s i m i l a r i t y of ponds A-D Hhen compared w i t h 
pond P. 
(o\ 
k.3 RECURRENT GROUPS 
Pi e l o u and P i e l o u ( 1 9 6 8 ) s t a t e t h a t i f r e c u r r e n t groups 
are present, the observed number of samples having a d i f f e r e n t 
combination o f species i n them w i l l f a l l s h ort o f the expected 
number of combinations. As can be seen from Table 1 1 , i n no 
case does t h i s occur. I n ponds A, B and D, twenty i s by f a r 
the most l i k e l y number of combinations expected (expected i n 
n i n e t y - s i x times out of one hundred f o r pond A, n i n e t y - f i v e 
times f o r pond B and n i n e t y - f o u r times f o r pond D). For 
pond C, twenty i s s t i l l the most l i k e l y number o f expected 
combinations but the frequency i s reduced t o f i f t y - f o u r out 
of one hundred w h i l e nineteen d i f f e r e n t combinations would be 
expected t h i r t y - e i g h t times out o f one hundred. 
The number of observed combinations i n a l l cases was 
twenty. Therefore i n no case does the observed number of 
combinations d i f f e r s i g n i f i c a n t l y from the expected frequency 
as generated by Monte-Carlo methods. 
This technique f o r the d e t e c t i o n of r e c u r r e n t groups was 
in a p p r o p r i a t e f o r two reasons. F i r s t l y , whereas P i e l o u and 
P i e l o u ( 1 9 6 8 ) found t h a t most of t h e i r species only occurred 
i n one or two samples (brackets i n t h e i r case) i n t h i s exercise, 
f o r a l l the ponds, many of the species occurred i n a l l twenty 
samples, and many of the other species occurred i n a l a r g e 
number of samples. As i t i s l a b o r i o u s and w a s t e f u l of 
computer time, t o assign the l a r g e r numbers at random, where 
the species occurred i n ten or more samples, the number of 
absences r a t h e r than the number o f presences were counted. 
S t i l l , a. l o t of the species occurred i n seven, e i g h t or nine 
samples. P i e l o u and P i e l o u ( 1 9 6 8 ) give a graph showing t h a t 
the number of expected combinations has a peak as the r a t i o 
of average number of f i l l e d samples t o t o t a l number of samples 
increases; i t then d e c l i n e s . To i l l u s t r a t e t h i s p o i n t , another 
programme was run w i t h the same number of samples c o n t a i n i n g 
the same species, but changing the parameter N sam., the t o t a l 
number of species over a range of f i f t e e n t o t h i r t y . (As i t 
i s only of figgSenOTo i n t e r e s t only the r e s u l t s of two of these 
runs are given.) 
The second reason why t h i s technique could be considered 
i n a p p r o p r i a t e i s the d i s s i m i l a r i t y of the sampling u n i t s i n 
t h i s exercise when compared w i t h those o f P i e l o u and P i e l o u 
(1968). Whereas the sampling u n i t s o f P i e l o u and P i e l o u , 
brackets, were s p a t i a l l y d i s c r e t e , the samples i n the pond 
were random samples from a l a r g e r heterogeneous assemblage, 
i n no way could the samples be considered as d i s c r e t e . 
Two reasons have been given f o r the inappropriateness o f 
t h i s technique, and, these were r e a l i s e d b e f o r e i t was 
attempted. But, as t h i s p r o j e c t was p a r t l y an exercise i n 
e c o l o g i c a l techniques, t h i s p a r t i c u l a r technique was considered 
as i n t e r e s t i n g and t h e r e f o r e worthy of i n c l u s i o n . The 
inappropriateness of the technique had yet t o be proved. 
As P i e l o u and P i e l o u ( 1 9 6 8 ) s t a t e , "Recurrent groups w i l l 
r e s u l t i f p a i r i j k s e i n t e r s p e c i f i c a s s o c i a t i o n , e i t h e r p o s i t i v e 
or negative i s a common phenomenon." But, i n order f o r these 
t o become apparent i n the method of analysis used by Pager 
(1957) the segregation must occur i n space or time i . e . the 
species must be segregated between samples. 
I n t h i s study of ponds, c l e a r cut r e c u r r e n t groups would 
h a r d l y be expected since only the " f r e e swimming phase" of the 
pond fauna was sampled. Furthermore, t h i s phase i s r e l a t i v e ! ' 
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homogenous, although most of the species show a contagious 
p a t t e r n of d i s t r i b u t i o n , the "clumps" do not seem to occur 
i n any but a random manner. This e x p e c t a t i o n i s borne out by 
the results,, I n no case can groups be separated which have 
any s i g n i f i c a n t d i s t i n c t i o n from any other groups. I n a l l 
cases analysed, there i s one major group, c o n s i s t i n g of the 
more abundant or n u m e r i c a l l y dominant species, and a group 
of associates - species of less numerous occurrence. 
I f the S/5rensen index of s i m i l a r i t y i s c a l c u l a t e d f o r 
each combination of p a i r s of r e c u r r e n t groups, see Table 1 0 a , 
i t w i l l be seen t h a t ponds A-D have a higher s i m i l a r i t y 
between themselves than any of them have w i t h pond P. This 
r e s u l t based on r e c u r r e n t groups confirms t h a t ponds A-D are 
s i g n i f i c a n t l y d i f f e r e n t from pond P. 
The S/Srensen index of s i m i l a r i t y between the t o t a l fauna 
of each pond takes i n t o account a l l species and y e t has higher 
s i m i l a r i t y i n d i c e s than the same index a p p l i e d t o the 
r e c u r r e n t groups. This suggests t h a t i n the present i n v e s t i -
g a t i o n , t h a t the concept of a r e c u r r e n t group i s an a b s t r a c -
t i o n w i t h l i t t l e e c o l o g i c a l s i g n i f i c a n c e . This i s borne out 
by the Monte-Carlo a l a P i e l o u and P i e l o u ( 1 9 6 8 ) . 
G4-
k.k SPECIES DIVERSITY 
Accepting H(s) as a v a l i d e m p i r i c a l measure of species 
d i v e r s i t y , ($»l:o'2pd and Gh e l a r d i , 1 9 6 * 0 , from Table 12 the 
species d i v e r s i t y of the f i v e ponds can be seen t o vary 
between 2 , 3 8 (pond P) and 3 . 1 2 (pond B ) . 
For each pond, i f a l l species contained the same number 
of i n d i v i d u a l s , M(s) would be a t a maximum depending only on 
the number of species present. This maximum i s given i n 
Table 1 2 . I n any n a t u r a l s i t u a t i o n though, the number of 
i n d i v i d u a l s i n each species v a r i e s considerably and t h i s i s 
lSefiPfiacted i n a decrease i n the value of H( s) away from the 
maximum as can be seen from comparing the observed H(s) f o r 
each pond w i t h the maximum H ( s ) . 
T h e o r e t i c a l l y , one would expect an increase i n H(s) as 
the number of species increases. Thus, the lowest value o f 
H(s) observed ( t h a t of P) corresponding w i t h the lowest 
number of species, i s q u i t e expected. On t h i s basis alone, 
the highest value f o r H(s) observed should be f o r pond P w i t h 
27 species (ponds A, B and G having 23 species each). But, 
H(s) i s also a f f e c t e d by the evenness w i t h which the 
i n d i v i d u a l s are d i s t r i b u t e d between the species. Thus, i t 
i s not so anomalous t h a t pond B has a higher value f o r H(s) 
observed than pond D. 
Because i n any n a t u r a l s i t u a t i o n the number of i n d i v i d u a l s 
per species does vary, i t i s t h e o r e t i c a l l y i m p r a c t i c a l t o 
compare the observed H(s) w i t h the maximum value of H ( s ) . A 
much b e t t e r way i s t o compare the observed H(s) w i t h H(s ) , 
the expected value assuming an u n d e r l y i n g species abundance 
d i s t r i b u t i o n based on the MacArthur "broken s t i c k " model, 
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which i t s e l f assumes t h a t the i n d i v i d u a l s are apportioned 
among the species i n about an even a nature as could ever he 
expected i n nature. Experience suggests t h a t t h i s value of 
M(s ) represents at l e a s t approximately the " e c o l o g i c a l 
maximum." By comparing M(s) w i t h M(s ) i n t h i s manner, 
one i s measuring the evenness w i t h which the i n d i v i d u a l s are 
d i s t r i b u t e d among the species or, as Lloyd and Ghelardi c a l l 
i t , the " e q u i t a b i l i t y " of the d i s t r i b u t i o n . 
Prom Table 12 i t can be seen t h a t the e q u i t a b i l i t y o f 
each pond c a r r i e s between 0.1+1 (pond P) and 0 . 5 2 (pond B ) . 
Thus, owing t o " i n e q u i t a b i l i t y i n the d i s t r i b u t i o n of 
i n d i v i d u a l s among the species, these ponds have species 
d i v e r s i t y "appropriate" t o communities w i t h from only 52% 
as many species as a c t u a l l y occur. 
The concept of i n f o r m a t i o n theory i n Ecology i s r e l a t i v e l y 
n o vel. I t was used by Margaleg" i n 1 9 5 7 , MacArthur and 
MacArthur i n 1 9 6 1 , and Watt i n 1 9 6 U . They use the Shannon-
Weiner f u n c t i o n as the i n f o r m a t i o n content of the community 
or ecosystem. They p o i n t out t h a t the gre a t e r the amount of 
i n f o r m a t i o n contained w i t h i n the system, the gr e a t e r w i l l be 
t h a t communities s t a b i l i t y and probable permanence. Accepting 
H(s) as also a v a l i d measure of species d i v e r s i t y , the 
greater the d i v e r s i t y of a system, the g r e a t e r w i l l be the 
number of a l t e r n a t i v e paths f o r energy f l o w ; t h i s tends 
towards s t a b i l i t y . 
k.5 COMMUNITY ORGANISATION 
As can be seen from Pigs.11 and 1 2 , Hairston's ( 1 9 5 9 ) 
general hypothesis ( t h a t the g r e a t e r the homogeneity or o r g a n i -
s a t i o n w i t h i n the community, the gr e a t e r the r a t i o of observed 
variance/mean ) seems g e n e r a l l y t o f i t my data. H a i r s t o n 
found t h a t the average of the r a t i o s f o r f i v e separate 
samples from, one community, was always less than the r a t i o 
f o r the f i v e samples pooled. He als o found t h a t when f i v e 
and then t e n samples were pooled from the same community, the 
r a t i o increased i n a l i n e a r f a s h i o n ( F i g . 1 3 ) . I n terms of 
the a p r i o r i assumptions t h a t H a i r s t o n makes (namely, t h a t 
community o r g a n i s a t i o n i s a d e f i n i t e p r o p e r t y o f a community) 
t h i s s o r t of r e s u l t would be expected; as long as a l l the 
samples come from the one community, the more samples t h a t 
are taken i n t o c o n s i d e r a t i o n , the g r e a t e r the degree of 
community s t r u c t u r e t h a t w i l l be revealed, i n terms of homo-
geneity and o r g a n i s a t i o n . 
Prom P i g . 1 1 , d e a l i n g w i t h pond A, i t i s obvious t h a t the 
average r a t i o f o r the f i v e samples taken s i n g l y ( 2 . 1 ) i s 
considerably below t h a t f o r the f i v e samples pooled, thus 
showing increased homogeneity and o r g a n i s a t i o n w i t h i n c r e a s i n g 
number of samples up t o f i v e . But, when more than f i v e samples 
are pooled, the r a t i o does not increase l i n e a r l y (as found by 
Ha i r s t o n ) although there i s a s l i g h t upward t r e n d . Obviously, 
the l a r g e r and more complex a community, the g r e a t e r w i l l be 
the p o t e n t i a l f o r r e v e a l i n g increased o r g a n i s a t i o n as more 
samples are pooled. Pond A i s a r e l a t i v e l y s m a l l , r e l a t i v e l y 
homogeneously dispersed community (when considered as such an 
e n t i t y ) . Perhaps, t h e r e f o r e , the maximum o r g a n i s a t i o n o f the 
community i s n e a r l y completely revealed by p o o l i n g only f i v e 
samples, f u r t h e r data adding l i t t l e more t o the p i c t u r e . 
When data from d i f f e r e n t ponds are compared, P i g . 1 2 , i n 
a l l cases a l a r g e r r a t i o i s obtained from f i v e samples pooled 
than from the mean of the r a t i o s of each of the f i v e samples 
sep a r a t e l y . Again from P i g . 1 2 i t can be seen t h a t the r a t i o s 
f o r pond 0 show s i m i l a r values and trends as those o f pond A, 
when p l o t t e d i n the same manner. This c o n t r a s t s w i t h the 
behaviour of the r a t i o s f o r pond P. (Ponds A and G come from 
the same pond complex whereas pond p i s q u i t e s e p a rate). The 
higher r a t i o s obtained from pond P probably r e s u l t from i t s 
lower content o f species and i n d i v i d u a l s . 
When f i v e samples from pond A are pooled w i t h f i v e samples 
from pond C, there i s a s l i g h t decrease i n the variance/mean 
r a t i o when compared w i t h the r a t i o f o r pond C, but a s l i g h t 
increase when compared w i t h the r a t i o f o r pond A. Such a 
s i t u a t i o n would r e s u l t i f the ponds were very s i m i l a r i n species 
composition and o r g a n i s a t i o n . When f i v e samples from pond A 
are pooled w i t h f i v e samples from pond P, the variance/mean 
r a t i o i s much lower than t h a t from pond A. Such a r e s u l t 
would be expected i f the ponds contained d i f f e r e n t species 
w i t h a d i f f e r e n t basis of o r g a n i s a t i o n , ( i f sampling data 
from a pond even f u r t h e r separated were pooled w i t h these from 
pond A, an even g r e a t e r r e d u c t i o n i n the r a t i o would be 
expected.) 
63 
k.G VARIATION'BETWEEN PONDS IN RELATION TO PHYSICAL FACTORS 
The Brasside ponds, being r e l a t i v e l y close t o each other, 
a l l w i t h i n the same drainage system, subject t o i n t e r m i n g l i n g 
at times of heavy r a i n f a l l , and approximately the same surface 
area and depth, would be expected t o have a strong s i m i l a r i t y 
i n terms of water chemistry. They a l l have s i m i l a r v e g e t a t i o n 
which, w h i l e l e a d i n g s l i g h t support t o t h i s theory a l s o tends 
towards i n c r e a s i n g the s i m i l a r i t y . The f a c t t h a t roughly 
s i m i l a r c o n d i t i o n s also occur a t Page Bank does not deny the 
s i m i l a r i t y of the Brasside ponds but does not supply any 
means of gauging t h i s s i m i l a r i t y . 
Between the Brasside ponds, when compared t o the pond a t 
Page Bank, there i s a high degree of s i m i l a r i t y of f a u n i s t i c 
s t r u c t u r e as borne out by such in d i c e s as «hose of s i m i l a r i t y , 
d i v e r s i t y and o r g a n i s a t i o n . This f a c t alone does not deny the 
basic s i m i l a r i t y o f the ponds i n terms of chemical f a c t o r s . 
As Fager showed i n h i s a r t i c l e , s i m i l a r s t r u c t u r e s , i n h i s case 
beach l o g s , can have very d i f f e r e n t faunas, the f i n a l 
f a u n i s t i c composition of each l o g depending mainly on the 
vagaries of i n v a s i o n and c o l o n i s a t i o n . From t h i s Fager 
concluded t h a t i n general species were not inexpendible i n 
terms of the f u n c t i o n a l r o l e they played w i t h i n the community. 
Also, t h a t once a community or even a successional p a t t e r n 
had been e s t a b l i s h e d , new species, p o t e n t i a l l y new members f o r 
t h a t community had not only t o be adapted w i t h respect t o the 
p h y s i c a l c o n d i t i o n s p e r t a i n i n g , but also had t o be able to 
associate w i t h those species already present. Thus, even 
given s i m i l a r i n i t i a l c o n d i t i o n s , convergence t o a s i m i l a r 
p a t t e r n of f a u n i s t i c composition was not bound t o happen. 
Macan ( 1 9^6) s t a t e d : " Attempts t o e x p l a i n the d i s t r i b u -
t i o n of species i n t erms of chemical d i f f e r e n c e s have not 
had much success except where c o n d i t i o n s are extreme." As 
the c o n d i t i o n s at n e i t h e r the Brasside pond complex or the 
Page Bank s i t e could he said t o he extreme, also c o n s i d e r i n g 
the p a u c i t y of the data on p h y s i c a l c o n d i t i o n s , no attempt 
has been made to c o r r e l a t e d i f f e r e n c e s i n species presence 
and abundance between the ponds w i t h any or a combination 





Animal communities have heen c l a s s i f i e d and d e l i m i t e d 
on the basis of various c h a r a c t e r i s t i c s , i n c l u d i n g the 
a b i o t i c environment and the v e g e t a t i o n . Surely, the best 
method i s one based on the animals present and t h e i r 
r e l a t i o n s h i p s w i t h each other. With t h i s f a c t i n mind, 
various measures of the species composition and o r g a n i s a t i o n 
were determined f o r the f o u r Brasside ponds and the Page 
Bank pond. On the basis of the r e s u l t s obtained, the f o u r 
Brasside ponds showed great s i m i l a r i t y w i t h each other when 
compared %>© the Page Bank pond. 
Whether veastrnot an assemblage of animals warrant the 
sta t u s of "Community" i s a s u b j e c t i v e judgment which, apart 
from p u r e l y academic considerations, i s p r i m a r i l y a matter 
of convenience. I f the term "community" had t o be a p p l i e d 
i n some way to the Brasside pond area, i n view o f the fauna1 
s i m i l a r i t y o f the ponds, i t would be b e t t e r t o apply the term 
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Twenty samples from each of four ponds a t B r a s s i d e , and 
ten samples from a pond at Page Bank were taken by means of a 
net. The animals w i t h i n each sample were then sor t e d , 
i d e n t i f i e d and counted. F o r each of the ponds, pH was 
measured i n the f i e l d while the calcium and magnesium 
concentrations f o r each pond were determined back i n the 
l a b o r a t o r y . 
The r e s u l t s of the faunal a n a l y s i s of each pond was then 
d i s c u s s e d w i t h i n the g e n e r a l framework of "the concept of 
community." S p e c i a l a t t e n t i o n was paid to s p e c i e s abundance 
r e l a t i o n s , i n d i c e s of s i m i l a r i t y i n community d e f i n i t i o n and 
d e l i m i t a t i o n , r e c u r r e n t groups, s p e c i e s d i v e r s i t y and 
community o r g a n i s a t i o n . The fauna of the B r a s s i d e ponds was 
a l s o d i s c u s s e d i n r e l a t i o n to c e r t a i n p h y s i c a l parameters 
namely p.H., calcium c o n c e n t r a t i o n and magnesium c o n c e n t r a t i o n . 
The aim of the e x e r c i s e was to determine whether each of the 
B^rasside ponds could be considered as a separate community i n 
i t s e l f or, whether they c o n s t i t u t e d together p a r t of the 
B r a s s i d e pond-complex community. 
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49 FORMAT(30 X » 1BRONWEN HIGGS * »/30X, »• 
6* CALCULATION OF EQUITABILITY *///) 
WRITE(6,648 ) I POND 










BIT ( I R ) = N ( I R l * A L 0 G 1 0 ( N ( I R ) ) 
SUM = SUM+BITMR) 
WRITE(6,660)NSP,N(IR),IR,AL0G10(N(IR ) ), B I T(IR),SUM 
IO-C - = 
fz=--i :2C 
- ~ 26 










29 661 FORMAT(10X,* HI 
WRITE(6,650)HS 
o50 FORMAT(IX,1HS = SHANNON—WEINER FUNCTION =«,F9.5//5 
WRITE(6,646)T0r 
646 FORMAT(/////6X,»AS CHECK,TOT SHOULD EQUAL NIND 
WRITE(6,270) 
70 FORMAT(* 1 1) 
CONTINUE 
,TENLOGt NIND),B, HS.. . *,F6.0,F15.7,F15.7,F15.7///) ^=38 
= 4 4 
STOP 

































IC = 0 










D07 J=l,K = 
I F ( B ( I , J).EQ.O.Q) IP( I,J).=Q 
I F ( B { I , J).GE.1.0) I P U , J) = l 














40 654 FORMAT(6X,'VARIANCE IS ESTIMATED 
N=N JN 
IF(IC.EQ.O)WRITE(6,606)IPOND,I,N,{B(I,J),J=1,20),FMEAN,V,S 
FORMAT(10X,•POND NO. 1,I 3/10X, ' — »,/20X, •SPECIES NO. 
-6X0X.« NfUO^S^MPLES CONTAINING^J-^J3Z/JX#-*Jm^^^^^^^^^ 
62X,'MEAN =',F12.6,2QX,'VARIANCE =',F12.6/80X,*ST.DEV =',F12 
6 CONTINUE 
WRIT£{6,270) 
FORMAT C I 1 ) 
WRITE(6,671) 
FORMAT ( 5X, ' TABLE OE-Xjj£—NUMBERS J I I INDIV IiSUAjLS OF EACH 




WRITE (6_»66Q ) !Bi_L,J-U-J=l 
F0RMAT(/2X,20F4. 






672 F0RMAT{5X,'TABLE OF PRESENCE (1) OR ABSENCE ( 0 ) 
6«SPECIES IN EACH SAMPLE.',//15X,«ROWS = SPECIES 
6'COLUMNS = SAMPLES',/) 
WRITE(6,651)(J,J = l» 20) 
FORMAT(20X,20I4/) 
D023 1=1,NSPEC 
WRITE(6 ,651) ( IP{ I , J ) , J = l , 2 0 ) 
D023 J = 3 ? ^ 
ICS(J)=ICS{ 
CONTINUE 




















WRITE(6,650)ICS(J),J,ITYPE{ J ) , ( IP( I , J ) , I 









6' WITH THE ACTUAL 







A TRUE OR OBSERVED VAR IANCE...CALCULATED' 
NUMBER OF SPECIES OCCURRING IN THE SAMPLE 
jgflSSXBi^E-WMBER=gj3fi=: ONE LESS j m N ^ I l i E ^ r 
BEING USED AS THE DIVISOR OF THE SUM OF SQUARES 
605= 
SUM=SUM+B(I,J) 









I F ( I I.E«.4)WRITE(6,607)IPOND,J,N,FMEAN,V,SD,(B(L,J),L = 1,26) 
CONTINUE 
F0RMAT(///10X,»POND NO.»,13/10X,' •,/20X,'SAMPLE NO. * 
610X,'N0.0F SPECIES CONTAINED 
04 
62X,'MEAN =*,F12.6,20X,'VARIANCE =',Fl2.6/80X,»ST.DEV F12.6 
/1X.26F4.0) 61X,'NUMBERS OF EACH SPECIES IN THIS SAMPLE ARE 













































































DI MENS I ON IFR( 30, 30 ) 
01 MENS ION N(30), IC{30) , IP( 30, 30),ICS( 30) , I TYPE(30) , I COMB(1301 
DI MENS ION IFREQ(30), ICUMFIM 30),ICUMFD(30) 
MAX NO OF SAMPLES OR SPECIES = 30 OTHERWISE CHANGE DIMENSION STATEMT 
IX=794236173 




R E AD { 5,501 ) (N( I ) , 1= 1, NJSPEC ) 
501 F0RMAT(40I2) 





603 FORMAT(///5X,'COMBINATIONS GENERATED FOR POND NUMBER',14,//l2X, 
6'WITH NUMBER OF SAMPLES = ', 14// 12X, •AND NUMBER OF SPECIES = , , I 5 / / 
612X,'AND WITH THE NUMBER OF SAMPLES HOLDING EACH SPECIES BEING 1//) 
WRITE(6,604) ( I , I = 1,NSPEC) 
604 FORMAT(2X,'SPECIES*,10X,22I4/) 
WRITE(6,605)(N(I ), I = 1,NSPEC) 





IF(IN.EQ.2)IX = 37'1369479 
IF(IN.EQ.3)IX=763741181 
IF(IN.EQ.4)IX=961338143 
IF(IN.EQ.5)IX = 58 3 17281 1 
1F(IN.EQ.6)IX=81439 335 3 
IF( IN.EQ.7) IX = 538271773 
IF(IN.EQ.9)IX=713829157 
WRITE(6,689)IN 
689 FORMAT(5X,'THIS IS THE ',14,' TH. SET OF 100 RUNS..1,//) 
009 K=l,100 
















8 4 CONTINUE 
CALL RANDU( IX, IY,YFL ) 
























































































ICS(J) = ICS(J)*2+IP( I , J) 
C ONTINU E 
CONTINUE 
COUNTER FOR THE J TH SAMPLE = THE COUNTERS FOR THE PRESENCE 
OR ABSENCE OF THE I TH. SPECIES IN THE J TH SAMPLE, 
EACH OF SUCH MINOR COUNTERS AT DIFFERENT POSITION 








DOS M=MX , NS AM 















IF(ICOMB(K).EQ.J)IFREQ(J) = IFREQ(J 5+1 
CONTINUE 






























WRITE(6,606)(J,J = 1,N S A M) 
FORMAT(3X,•NO.OF COMB INAT IOMS', 
WRITE(6,607) ( I FR EQ ( J ) , J = 1, N SAM } 
FORMAT(3X,•FREQUENCY OCCURRING', 
D014 J=1,NSAM 
IFR(IN,J)=IFR{ IN,J) + IFREQ(J ) 
D014 JK=1,J 
ICUMFU(J)=IFR EQ(JK)+ ICUMFU(J) 
CONTINUE 
D015 J=1,NSAM 
ICUMFD(J) = 100-ICUMFUC J) 
CONTINUE 
WRITE(6,609)(ICUMFU(J),J=1,NSAM) 






WRITE(6,610 )( ICUMFDt J) 
FORMAT (3Xt • CUMULATIVE 
CONTINUE 
WRITE(6,270) 
FORMAT(' 1 1 ) 
WRITE(6,619) 
FORMAT(15X,'SUMMARY OF £IN£ RUNS.',///) 
WRITE(6,606)(J,J = l,NSAM ) 
D023 IN=1,10 






TOTAL MEMORY REQUIREMENTS 003042 BYTES 









C HEREWITH THE STANDARD SUBROUTINE FOR GENERATING RANDOM NUMBERS 
C WE ARE GOING TO USE ONLY THE INTEGER VALUES ( I Y ) . 
C THE REAL VALUES (YFL) ARE NOT USED AT *\LL 
SUBROUTINE RANDU( IX, IY,YFL ) 
• I Y= IX*65539 , 
I F ( IY ) 5 , 6 , 6 
5 IY=IY+2147483647+1 
6 YFL= IY 
YFL=YFL*.4656613E-9 
R ET U RN 
END 
TOTAL MEMORY REQUIREMENTS 0001B8 BYTES 
EXECUTION TERMINATED 
